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GHPDQGVRIGLIIHUHQWLQGXVWULDODSSOLFDWLRQVE\VXLWDEOHFRPELQDWLRQVRIPDWUL[UHLQIRUFHPHQWDQGSURFHVVLQJURXWH
3UHVHQWO\VHYHUDOJUDGHVRI$0&VDUHPDQXIDFWXUHGE\GLIIHUHQWURXWHV7KUHHGHFDGHVRILQWHQVLYHUHVHDUFKKDYH
SURYLGHGDZHDOWKRIQHZVFLHQWLILFNQRZOHGJHRQWKHLQWULQVLFDQGH[WULQVLFHIIHFWVRIFHUDPLFUHLQIRUFHPHQWYLVD
YLVSK\VLFDOPHFKDQLFDOWKHUPRPHFKDQLFDODQGWULERORJLFDOSURSHUWLHVRI$0&V,QWKHODVWIHZ\HDUV$0&VKDYH
EHHQ XWLOL]HG LQ KLJKWHFK VWUXFWXUDO DQG IXQFWLRQDO DSSOLFDWLRQV LQFOXGLQJ DHURVSDFH GHIHQFH DXWRPRWLYH DQG
WKHUPDOPDQDJHPHQW DUHDV DVZHOO DV LQ VSRUWV DQG UHFUHDWLRQ ,W LV LQWHUHVWLQJ WR QRWH WKDW UHVHDUFK RQ SDUWLFOH
UHLQIRUFHG FDVW$0&VWRRNURRWGXULQJWKH¶VDWWDLQHGLQGXVWULDOPDWXULW\LQWKHGHYHORSHGZRUOGDQGLVFXUUHQWO\
LQWKHSURFHVVRIMRLQLQJWKHPDLQVWUHDPRIPDWHULDOV 6XUDSSD 
3DUWLFOHUHLQIRUFHG$0&V 3$0&V JHQHUDOO\ FRQWDLQ UHLQIRUFHPHQWV LQ YROXPH IUDFWLRQ OHVV WKDQ ZKHQ
XVHG IRU VWUXFWXUDO DQGZHDU UHVLVWDQFH DSSOLFDWLRQV+RZHYHU LQ HOHFWURQLFSDFNDJLQJ DSSOLFDWLRQV UHLQIRUFHPHQW
YROXPH IUDFWLRQ FRXOG EH DV KLJK DV  ,Q JHQHUDO 3$0&V DUH PDQXIDFWXUHG HLWKHU E\ VROLG VWDWH 3RZGHU
0HWDOOXUJ\ SURFHVVLQJ RU OLTXLG VWDWH VWLU FDVWLQJ LQILOWUDWLRQ DQG LQVLWX SURFHVVHV 3$0&V DUH OHVV H[SHQVLYH
FRPSDUHGWRFRQWLQLXRXVILEUH$0&V7KHVHFRPSRVLWHVDUHLVRWURSLFLQQDWXUHDQGFDQEHVXEMHFWHGWRDYDULHW\RI
VHFRQGDU\ IRUPLQJ RSHUDWLRQV LQFOXGLQJ H[WUXVLRQ UROOLQJ DQG IRUJLQJ )RU PRVW DSSOLFDWLRQV D KRPRJHQHRXV
GLVWULEXWLRQRIWKHUHLQIRUFLQJSKDVHLVGHVLUDEOHLQRUGHUWRPD[LPL]HWKHPHFKDQLFDOSURSHUWLHV7RDFKLHYHJRRG
SDUWLFOHGLVSHUVLRQV WKHPHFKDQLVPV SUHYHQWLQJ SDUWLFOHV IURPEHLQJLQWURGXFHGLQWRWKHPHOWDQGFDXVLQJWKHPWR
FOXVWHURQFHLQWKHPHOWQHHGWREHXQGHUVWRRGDQGRYHUFRPH .HQQHG\HW DO 
7KHREVWDFOHVWRSDUWLFOHLQFRUSRUDWLRQLQWRWKHOLTXLGPHOWDUHHVVHQWLDOO\WZRIROG7KHUHDUHPHFKDQLFDOEDUULHUV
VXFKDVVXUIDFHR[LGHILOPVDQGWKHUPRG\QDPLFEDUULHUVRIWHQUHIHUUHGWRLQWHUPVRIWKHZHWWDELOLW\0HFKDQLFDO
EDUULHUVFDQEHVLJQLILFDQWO\UHGXFHGE\ WKHXVHRI IOX[HVJDV VKLHOGVRUE\SURFHVVLQJ LQDYDFXXP2YHUFRPLQJ
WKHUPRG\QDPLFEDUULHUVLVPRUHGLIILFXOW:HWWDELOLW\LVRIWHQGHILQHGLQWHUPVRIDFRQWDFWDQJOHOHVVWKDQ IRUD
OLTXLGGURSOHWRQD FHUDPLFVXEVWUDWHDVGHWHUPLQHGE\WKHVHVVLOHGURSWHVW 0RUWHQVHQ  0RUWHQVHQ HWDO
,W KDV EHHQ HVWDEOLVKHG WKDW 7L& SDUWLFOHV JUDLQ UHILQH $O DQG $O DOOR\V DQG WKLV LV ZK\ LW LV FKRVHQ DV
UHLQIRUFHPHQW 0F&DUWQH\   ,Q WKH$O7L&V\VWHP WKHUH LV WKRXJKW WREH VXIILFLHQW ODWWLFHPDWFKLQJ IRU WKH
GLUHFW QXFOHDWLRQ RI VROLG $O WR RFFXU RQ WKH SDUWLFOH VXUIDFHV DQG JUDLQ UHILQHPHQW DQG SDUWLFOH HQJXOIPHQW DUH
H[SHFWHG 0RKDQW\DQG *UX]OHVNL $WKLJKHUSDUWLFOHIUDFWLRQVWKHQXFOHDWLRQHIILFLHQF\WKHSURSRUWLRQRI
DFWLYHQXFOHDWLRQVLWHVVHHPVWRGHFUHDVH7KLVLVQRWXQH[SHFWHGDVLWLVPXFKHDVLHUIRUDWRPVWR DWWDFKWRRQHRI
WKHPDQ\JURZLQJFU\VWDOVWKDQIRUPRUHQXFOHDWLRQVLWHVWREHFRPHDFWLYH 0D[ZHOODQG+HOODZHOO ,WLVDOVR
EHOLHYHG WKDWZKHQPDQ\ JUDLQQXFOHL DUHSUHVHQW DQGJURZLQJ GHFDOHVFHQFH VXSSUHVVHV IXUWKHU JUDLQ QXFOHDWLRQ
0RKDQW\DQG *UX]OHVNL 7KHQHWUHVXOWLVWKDWIRUODUJHUYROXPHIUDFWLRQDGGLWLRQVQRWDOOWKH7L&SDUWLFOHV
DUHHQJXOIHGWRUHVLGHLQWKHFHQWHURIWKH$OJUDLQVDQGDJUHDWHUSURSRUWLRQDUHORFDWHGDWWKHJUDLQERXQGDULHV
+HQFH LQ WKLVSDSHU DWWHPSW LVPDGH WRSURGXFH$OPDWUL[FRPSRVLWHVZLWK YDU\LQJYROXPHIUDFWLRQVRI ZW
ZWDQGZW UHLQIRUFLQJ SKDVH 7L& DQGWRDVVHVVWKHPHFKDQLFDOSURSHUWLHV DQGXQGHUVWDQGWKHPLFURVWUXFWXUH
 ([SHULPHQWDO3URFHGXUH
 0DWUL[DQGUHLQIRUFHPHQW
7KHPHDQ VL]H GHQVLW\ DQG VRXUFH RI WKH 7L& SDUWLFXODWHV DUH JLYHQ LQ 7DEOH  5HLQIRUFHPHQWV ZHUH DGGHG WR
FRPPHUFLDOO\DYDLODEOHDOXPLQLXPDOOR\$ODSSUR[LPDWHFRPSRVLWLRQZW$OZW0JZW6L
ZW)H7KH YROXPHIUDFWLRQRI UHLQIRUFHPHQW DGGHG ZDV ZWZWDQGZW LQWKHFRPSRVLWH
7DEOH 3DUWLFOHVL]HVRXUFHDQGGHQVLW\
3DUWLFXODWH 6RXUFH 'HQVLW\NJP $YHUDJHSDUWLFOHVL]H
7L&
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 )DEULFDWLRQSURFHGXUH
0HWDOFKDUJHVZHUHKHDWHGLQDFLUFXODUIXUQDFHWRDWHPSHUDWXUHEHWZHHQ&DQG&LQVWHHOFUXFLEOH7KH
UHLQIRUFHPHQW SRZGHUV ZHUH SUHKHDWHG WR DERXW & DQG EOHQGHG ZLWK DQ DSSURSULDWH TXDQWLW\ RI IOX[ VFXP
SRZGHU $ONDOLQH .$O) WR HQVXUH DQ LQWLPDWH GLVSHUVLRQ SULRU WR WKH SRZGHU PL[WXUH EHLQJ DGGHG RQWR WKH
VXUIDFHRI WKHPHOW'HJDV WDEOHW +H[DFKORURHWKDQHZDVGURSSHG LQWR WKHPL[WXUH WRSUHYHQWDQ\GHIHFWV LQ WKH
FDVW7KHFKDUJHZDVWKHQOHIWXQVWLUUHGIRUEHWZHHQ±PLQDOORZLQJWKHIOX[WRIRUPDOLTXLGDQGWKHOLTXLGIOX[
ZKLFKIORDWVRQWKHPHOWVXUIDFHZDVWKHQUHPRYHGXVLQJDODGOH$IWHUFOHDQLQJWKHFKDUJHZDVVWLUUHGZLWKDVSHHG
RIDERXWUSPWRKRPRJHQL]HWKHGLVSHUVLRQRIWKHSDUWLFOHVDQGWKHQFDVW7KHIOXLGLW\RIFRPSRVLWHV FRQWDLQLQJ
IHZ ZWRISDUWLFOHDGGLWLRQVZLOOQRWEHGLVFHUQLEO\GLIIHUHQW IURPWKDWRIWKHXQUHLQIRUFHGEDVHPHWDODQGDVD
UHVXOWFKDUJHVZHUHFDVWLQWRDUHFWDQJXODUEORFNRIVL]H[[PP&RPSRVLWHPHOWVRIDSSUR[LPDWHO\NJ
ZLWKZWZWDQGZW7L&UHLQIRUFHPHQWVLQWKH$ODOOR\ ZHUHPDGH
0HFKDQLFDOWHVWLQJ
0HFKDQLFDO WHVWLQJZDVSHUIRUPHGRQERWK UHLQIRUFHG FRPSRVLWH DQGXQUHLQIRUFHG VDPSOHV7HQVLOH VSHFLPHQV
ZHUHPDFKLQHGRXWDVSHUWKH$670GLPHQVLRQVVKRZQLQ)LJXUH )RUHDFKRIWKHFRPSRVLWLRQVSHFLPHQVZHUH
SUHSDUHG 7HQVLOH WHVWLQJ ZDV FDUULHG RXW XVLQJ D N1 VHUYR K\GUDXOLF FRPSXWHU LQWHUIDFHG XQLYHUVDO WHVWLQJ
PDFKLQH WR ILQGRXW WKH\LHOG VWUHQJWK \RXQJ¶VPRGXOXVDQGGXFWLOLW\7KH WHVW VHWXS LV VKRZQ LQ)LJXUH
([WHQVRPHWHUV DUH DWWDFKHG WR WDNH UHDGLQJV RI ERWK WUXH DQG HQJLQHHULQJ VWUHVV VWUDLQ GDWD $OVR YLFNHUV
PLFURKDUGQHVVLVUHFRUGHGIRUYDULRXVFRPSRVLWLRQV
)LJXUH  7HQVLOHVSHFLPHQDVSHU$670%0 * LVJDJHOHQJWK : LVZLGWK 7 LVWKLFNQHVV 5 LVUDGLXVRIILOOHW
/ LVRYHUDOOOHQJWK $ LVOHQJWKRIUHGXFHGVHFWLRQ % LVOHQJWKRIJULSVHFWLRQDQG & LVZLGWKRIJULSVHFWLRQ
$OOGLPHQVLRQVDUHLQPP
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0HWDOORJUDSKLFH[DPLQDWLRQ
,QYHVWLJDWLRQV RI WKH IUDFWXUH VXUIDFH RI WKH FRPSRVLWHV DUH SHUIRUPHG E\ 6FDQQLQJ HOHFWURQPLFURVFRSH 7KH
SXUSRVHLVWR REWDLQ VRPHTXDOLWDWLYHHYLGHQFHVRQWKHSDUWLFOHGLVWULEXWLRQLQWKHPDWUL[DQGERQGLQJQDWXUHEHWZHHQ
WKHSDUWLFOH DQGPDWUL[ 7KH IUDFWXUH VXUIDFHVRI WKH WHQVLOH WHVW VDPSOHV DUHREVHUYHG DW KLJKHUPDJQLILFDWLRQV WR
FKDUDFWHUL]HWKHIHDWXUHVRIWKHIDLOXUHDQGWKHW\SHRIIDLOXUH
 5HVXOWVDQGGLVFXVVLRQ
)LJXUH  VKRZV WKH GLVWULEXWLRQ RI WKH7L& SDUWLFOHV LQGLIIHUHQW FRPSRVLWHV )RU ZW7L& FRPSRVLWHZH FDQ
REVHUYH WKDW WKH SDUWLFOHV DUH OHVV LQ QXPEHU DQG VLWXDWHG UHODWLYHO\ IDUWKHU ZKHQ FRPSDUHG ZLWK ZW 7L&
FRPSRVLWHZKHUHWKHSDUWLFOHVDUHPRUHDQGQHDUHUWRHDFKRWKHU 6LPLODUO\ IRUZW 7L&FRPSRVLWHWKHSDUWLFOHVDUH
GHQVHO\VLWXDWHG7KHUHPRYDORIWKHPHOWR[LGHOD\HUQRWRQO\HOLPLQDWHVWKHPHFKDQLFDOREVWDFOHWRSDUWLFOHHQWU\
EXWZLOOLPSURYHSDUWLFOH±PHOWZHWWLQJ6LPLODUO\WKHZHWWLQJDQJOHIRU7L&RQ DQR[LGL]HGPHOWVXUIDFHLV DW
 & 1DLGLFK  7KLV VXJJHVWV WKDW VSRQWDQHRXV HQWU\ LV LPSRVVLEOH ZLWKRXW IOX[LQJ DJHQWV 7KH FRQWDFW
DQJOHIRU7L&LVUHSRUWHGWRUHGXFHWR DW&DIWHUWKH$OR[LGHILOPKDVHLWKHUEHHQHOLPLQDWHGRUGLVUXSWHG
LPSO\LQJ WKDW VSRQWDQHRXVHQWU\ LVSRVVLEOHZLWK WKHR[LGHEDUULHU UHPRYHG7KHVSRQWDQHRXV WUDQVIHURI7L&LQWR
DOXPLQXPPHOWZKHQDIOX[LVXVHGFRQILUPVWKDWZLWKWKHPHOWR[LGHOD\HUUHPRYHGOLTXLGDOXPLQXPZLOOZHWWKH
7L&SDUWLFOHV7KLVFDQEHH[SODLQHGE\LPSURYHGZHWWLQJRI7L&E\$OVLQFHLWKDVEHHQUHPDUNHGWKDWFRPSRXQGV
ZLWK OHVV QHJDWLYH KHDWV RI IRUPDWLRQ ZHW EHWWHU WKH KHDW RI IRUPDWLRQ IRU 7L& DW . LV ± N- PRO 7KH
HQKDQFHGDIILQLW\7L&SDUWLFOHVKDYHIRUWKHPHOWPD\DOVRH[SODLQWKHLULPSURYHGVHSDUDWLRQIURPWKHIOX[DQGWKH
FOHDQHUFRPSRVLWHVWKDWUHVXOWIURPWKLV
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7L&
7L&
D E
F
)LJXUH'LVWULEXWLRQRI 7L&SDUWLFOHVLQD  ZW  E ZW  DQG F ZW FRPSRVLWHV
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7KH WHQVLOH UHVXOWV DUH VKRZQ LQ WKH IRUPRI WUXH VWUHVVVWUDLQ FXUYHV IRU DOO YDULDQWV RI WKH FRPSRVLWH LQ WKH
ILJXUH  7KHDYDUDJHYDOXHVDUHWDNHQLQWRFRQVLGHUDWLRQ7L&UHLQIRUFHG$OKDVEHWWHUPHFKDQLFDOSURSHUWLHVWKDQ
WKHPRQROLWK,PSURYHPHQWVLQ  SURRIVWUHVVIRU7L&DGGLWLRQVFRXOGEHDWWULEXWHGWRWKHUHGXFHGJUDLQVL]H$
GLIIHUHQFHLQWKHPRGXOXVREVHUYHGFDQEHDWWULEXWHGWRLPSURYHGLQWHUIDFLDOERQGLQJLQWKH$O7L&V\VWHP7KLVLV
SUREDEO\EURXJKWDERXWE\EHWWHUZHWWLQJ E\WKHOLTXLGSKDVHZKLFKZLOOHOLPLQDWHWKHSUHVHQFHRIDGVRUEHGJDVDQG
IOX[DWWKHSDUWLFOHOLTXLGLQWHUIDFHDQGWKHLQFUHDVHGWHQGHQF\IRUQXFOHDWLRQRIVROLGRQWKHSDUWLFOHVXUIDFHV $V
H[SHFWHG WKH DGGLWLRQ RI UHLQIRUFHPHQW SURGXFHV LQFUHDVHV LQ VWUHQJWK DQG VWLIIQHVV RYHU WKH EDVH DOOR\ DW WKH
H[SHQVHRIGXFWLOLW\
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